Objective Measuring children's health-related quality of life (HRQOL) is of growing importance given increasing chronic diseases. By integrating HRQOL questions into the European GABRIEL study, we assessed differences in HRQOL between rural farm and non-farm children from Germany, Austria, Switzerland and Poland to relate it to common childhood health problems and to compare it to a representative, mostly urban German population sample (KIGGS). Methods The parents of 10,400 school-aged children answered comprehensive questionnaires including health-related questions and the KINDL-R questions assessing HRQOL. Results Austrian children reported highest KINDL-R scores (mean: 80.9; 95 % CI [80.4, 81.4]) and Polish children the lowest (74.5; [73.9, 75.0]). Farm children reported higher KINDL-R scores than non-farm children (p = 0.002). Significantly lower scores were observed in children with allergic diseases (p \ 0.001), with sleeping difficulties (p \ 0.001) and in overweight children (p = 0.04). The German GABRIEL sample reported higher mean scores (age 7-10 years: 80.1, [79.9, 80.4 
Introduction
Health-related quality of life (HRQOL) in children has become increasingly important to evaluate the well-being and functioning of child populations given the reported increase in chronic diseases such as asthma and allergies or the rise in childhood obesity (Eder et al. 2006; WHO 2000) . Generic and disease-specific instruments have been developed to assess HRQOL in representative population samples (The German Health Interview and Examination Survey for Children and Adolescents (KIGGS) Illi et al. 2012; , Screening for and Promotion of Health-Related Quality of Life in Children and Adolescents-A European Health Perspective (KIDSCREEN) (Erhart et al. 2009; Ravens-Sieberer 2004) or in patient populations. HRQOL refers to a broad health concept and is a multifaceted construct consisting of subjective representations of physical well-being and personal well-being (WHO 2003) . It can be assessed by questionnaires self-completed by youth or proxy-completed by a parenting person . Socio-demographic factors such as age, gender, socioeconomic status and family structures as well as health-impacting conditions have been reported to influence children's HRQOL (Alvarenga and Caldeira 2009; Bradley and Corwyn 2002; Ravens-Sieberer et al. 2007 ). Assessment of HRQOL in European youth has so far focused on representative samples consisting of mostly urban and suburban populations (Health Behaviour in School-Aged Children (HBSC), KIDSCREEN, KIGGS) (Currie et al. 2008; Erhart et al. 2009; Ravens-Sieberer et al. 2007 ). In contrast, the GABRIEL study (Genuneit et al. 2011 ) systematically studied youth in rural environments of Germany, Austria, Switzerland and Poland. The Revised Children Quality of Life-Questionnaire (KINDL-R) (Ravens-Sieberer and Bullinger 2000) had been included into the comprehensive parental GABRIEL questionnaire offering the opportunity to study for the first time HRQOL in children growing up in a rural, partially farming environment.
The aim of the present analyses was (1) to assess differences in children's HRQOL (KINDL-R questions) according to socio-demographic factors in a rural partly farming population of four different countries, (2) to relate HRQOL to common childhood health problems such as allergic diseases, sleeping difficulties or overweight, and (3) to compare HRQOL scores of this rural sample to results of representative surveys conducted in mostly urban areas of Germany using the identical questionnaire.
Methods

Study design
The GABRIEL Advanced Survey is a cross-sectional study which was conducted in five study centres in rural areas of southern Germany (Bavaria and Baden-Württemberg), Switzerland (9 German-speaking cantons), Austria (Tyrol) and Poland (lower Silesia) between summer 2006 and spring 2008. It aimed at identifying factors underlying the protective effects of farming on asthma, allergic diseases and atopic sensitization. The design of the study has been described in detail before (Genuneit et al. 2011) .
In brief, a short recruiting questionnaire was distributed through elementary schools to parents of all 6-to 13-yearold children in the selected study areas during the population-based Phase I (Table 1) . To be eligible for Phase II, the parents had to give informed consent for blood sampling, genetic analyses and dust sampling. In addition, they had to be born in the study country and the children had to have their study country's nationality. For phase II, a disproportionate stratified random sample of 13,619 children (9,668 German-speaking and 3,951 Polish children), including a higher proportion of children with contact to farming, was selected from 44,166 eligible participants to ensure a large enough proportion of exposure to farming. A total of 10,923 parental questionnaires (80.2 %) were returned, of which 10,400 (76.4 %) had valid KINDL-R questions (see below). 10,041 children (73.7 %) provided blood samples for specific IgE determination (RAST) and had height and weight measured. Consenting to participate in phase II was related to familial allergy, high parental education, child's allergies and to a lesser extent to exposure to farming environments, but did not bias the association between farming and allergy risk (Genuneit) .
In all centres, the ethics committees of the respective universities and the data protection authorities had approved the study.
Parental questionnaire
KINDL-R questions
The KINDL-R questions about HRQOL (version for parents of children between 8 and 16 years) consist of 24 fivepoint Likert-scaled questions covering six dimensions of HRQOL: physical well-being, emotional well-being, selfesteem, family, friends and everyday functioning. All questions referred to the previous 2 weeks. To measure physical well-being, the KINDL-R questionnaire asked whether the child felt ill, had a headache or tummy-ache, felt tired and worn out or felt strong and full of energy. To measure emotional well-being, we asked if the child had fun and laughed a lot, did not feel much like doing anything, felt alone or felt scared and unsure of himself. To measure self-esteem, we asked if the child was proud of himself, felt on top of the world, felt pleased with himself or had a lot of good ideas. To measure the family wellbeing, we asked if the child got along well with the parents, if the child felt fine at home, if they quarrelled at home or if the child felt that the parent was bossing him around. To measure the friend's well-being, we asked if the child did things together with friends, was liked by other kids, got along well with friends or felt different from other children. To measure everyday functioning, we asked if the child easily coped with schoolwork, enjoyed school lessons, was worried about the future or was afraid of bad marks and grades.
The KINDL-R questions developed originally in German were translated into Polish and back-translated into German to be used in the Polish GABRIEL questionnaire.
Data were treated according to the KINDL-R manual (Ravens-Sieberer and Bullinger 2000). All questionnaires returning more than 70 % valid answers to the KINDL-R questions were included in the analysis and missing answers were replaced by the individual mean value of the children as required by the KINDL-R manual. The six sub-scores consisting of four questions each were summarized to a total score. All scores were transformed to a 100-point scale. A higher score value represented a higher HRQOL.
Definition of variables
Socio-demographic factors assessed by questionnaire Information about socio-demographic factors was derived from the parental questionnaires.
Children living on a farm, currently run by their parents or by other relatives, were classified as farm children. Parental education was classified as 'high' if either of the parents had completed an education qualifying for university entrance that was contrasted to all other educational levels. The variability in school systems between the study centres necessitated this broad categorization. Other sociodemographic factors included in the analyses were sex and age of the children, number of siblings, number of adults living in the household and the person who completed the questionnaire (mother only, farther only, both of them or someone else).
Health-related problems assessed by questionnaire Asthma was defined as either wheeze in the past 12 months, or asthma inhaler use ever, or a doctor's diagnosis of asthma at least once, or of wheezy bronchitis more than once. Hay fever was defined as either nasal symptoms with itchy or watery eyes in the past 12 months or a doctor's diagnosis of hay fever ever. Atopic dermatitis was defined as a doctor's diagnosis ever. A family history of allergies was assumed when the parents or siblings were reported to have asthma, allergic rhinitis or atopic dermatitis. Sleeping difficulties were subdivided into difficulties in falling asleep (i), difficulties in sleeping through the night (ii), having both (iii) or having other sleeping difficulties (iv).
Health-related factors assessed by measurements Blood samples were collected and weight and height of the children were measured by study nurses during a school visit. Atopic sensitization was defined as specific IgE antibodies in blood samples of at least 0.7 kU/l against D. pteronyssinus, cat, birch or at least 0.35 kU/l against grass mix.
Children's weight and height were measured according to WHO guidelines. Children were categorized as normal weight, overweight and obese using the recommended body mass index (BMI) cutoff points (Cole et al. 2000) .
Statistical analyses
All statistical analyses were performed with STATA/IC 11.0 software for Windows (StataCorp, College Station, Tex); a p value lower than 0.05 was considered significant. The stratification of the study sample was taken into account by using fixed weights (weighted up to the 44,166 participations eligible for phase II).
Analyses were limited to children aged 6-13 years, thus excluding 27 younger or older children. To assess the internal consistency of the KINDL-R questionnaire, in our survey we calculated Cronbach's alpha assuming an alpha higher than 0.7 to be appropriate (Nunnally 1994). In addition, the completeness of the answers and the distribution of the score values were analysed to exclude a ceiling or floor effect (Nunnally 1994).
We first analysed the KINDL-R-scores by comparing the crude mean values of the total score and of the sub-scores across the five study centres using univariable regression analysis. To analyse the association between the KINDL-R score and socio-demographic factors, we performed weighted bivariate and mutually adjusted multivariable regressions. Sex, age, parent's education, number of siblings, number of adults living in the household and the person completing the questionnaire were evaluated as socio-demographic factors.
Next, the association between health-related outcomes and total HRQOL and sub-scores, respectively, were studied adjusting for socio-demographic factors. Overweight, allergic diseases and sleeping difficulties were evaluated as health-related factors. The allergy outcomes were analysed in two ways, first we compared HRQOL in children with and without an allergic disease (yes/no asthma, hay fever or atopic dermatitis). As children often suffered from more than one of these diseases, we then contrasted HRQOL in children without any of the allergic diseases to the scores in children with only asthma, only hay fever, only atopic dermatitis or more than one allergic disease, respectively. In addition to socio-demographic variables, all models including allergic diseases were also controlled for sleeping difficulties, BMI, atopic sensitization and family history of atopy.
The association between HRQOL and sleeping difficulties was first adjusted for socio-demographic variables only and then additionally for allergic diseases and overweight. Similar analyses were run for the association of overweight and HRQOL.
Finally, the HRQOL scores of the rural GABRIEL sample were compared to the published scores of the representative German population sample of the KIGGS study (KIGGS study score means and 95 % CI: age 7-10 years: 79.0, [78.7-79 .3]; age 11-13 years: 75.1 [74.6-75.6]) ). The analyses were stratified by age group to directly compare them to the KIGGS study. This final analysis was restricted to the 4,156 children aged 7-10 years and the 69 children aged 11-13 years of the two German study centres.
Results
Our analyses included 8,256 German-speaking children (2,271 in Baden-Württemberg, 2,203 in Bavaria, 1,631 in Austria, 2,154 in Switzerland) and 2,141 Polish children.
In all five study centres, consistency in answering the questionnaire was high with Cronbach's alphas above 0.84 in all centres. The German-speaking study centres had a high rate of completion, returning only 137 (1.6 %) invalid questionnaires. In the Polish sample, 386 (15.3 %) invalid questionnaires were returned, which were more likely to be from farming families (p \ 0.001) or from families with lower parental education level (p \ 0.001), though farming and parental education were independent from each other. The total score means were normally distributed showing no ceiling or floor effect.
HRQOL and socio-demographic factors
In bivariate (unadjusted) analyses, KINDL-R scores were associated with several of the tested socio-demographic factors (Table 2 ). In analyses mutually adjusting for all listed socio-demographic variables, higher scores were reported for girls compared to boys (p = 0.01), for younger children (p \ 0.001), for farm children (p = 0.01), when parents had a high education level (p \ 0.001), and when both parents filled in the questionnaire (p \ 0.001). There was no association with the number of adults living in the household or with the number of siblings.
Sub-scores of farm and non-farm children mostly differed for physical well-being which was higher in farm children (Fig. 1 ).
HRQOL and health-related factors
Health-related factors were strongly associated with KINDL-R scores (Table 3 ). In analyses adjusting for sociodemographic factors, lower total scores were reported for children suffering from asthma (p \ 0.001), hay fever (p \ 0.001) or atopic dermatitis (p \ 0.01). When simultaneously adjusting for family history of allergic diseases, atopy, sleeping difficulties and overweight, the association between HRQOL and all three allergy outcomes was attenuated, whereas the association with sleeping difficulties remained strong (Table 3) . Inclusion of overweight only attenuated the association between HRQOL and asthma as both variables were significantly associated. Total and sub-score means were clearly lower in children suffering from one allergic disease compared to children with no allergic disease, but the lowest values were observed for children whose parents reported having more than one allergic disease (Fig. 2, panel A) , especially for the sub-score of physical well-being.
The health problems most strongly associated with HRQOL were sleeping difficulties (p \ 0.001). Children who reported having both difficulties in falling asleep and difficulties in sleeping through the night had the lowest score means (Table 3) . When evaluating the six sub-scores, the strongest inverse associations were found between sleeping difficulties and the dimensions 'physical wellbeing', 'self-esteem' and 'everyday functioning' (Fig. 2,  panel B) .
Lower total score means were also found in overweight (p = 0.04) and obese children (p = 0.01) indicating a dose-response pattern with increasing overweight (Fig. 2 , panel C). Centre differences
We found significantly higher KINDL-R score means in all German-speaking study centres compared to Poland. The highest score means of the German-speaking study centres were reported for Austrian children (Table 2 ; Fig. 3 ). Centre differences in HRQOL scores remained when adjusted for socio-demographic variables, but there was no difference between the two German study centres (Table 2) . When comparing the adjusted sub-scores across study centres, the pattern was similar in the Germanspeaking centres with the lowest sub-score means for selfesteem and friends. In Poland, sub-scores were lower than in the German-speaking study centres and showed a different pattern with the lowest sub-scores for physical wellbeing and everyday functioning (Fig. 3, panel B) .
The associations between HRQOL and health problems were consistent across all study centres. No significant interaction of any of the interesting variables with study centre was observed.
Comparison to the KIGGS sample When KINDL-R score means of the rural German GAB-RIEL sample were compared to the representative German KIGGS sample ), higher score means were observed in the rural GABRIEL sample (score means and 95 % CI age 7-10 years: 80.1, [79.9, 80.4 (Fig. 4 ). Significant differences were found for the dimensions 'physical well-being' and 'self-esteem' in both age groups, but were more pronounced for the older children (Fig. 4) .
Discussion
This large survey of children living in rural areas of Germany, Austria, Switzerland and Poland showed significant differences in HRQOL across countries and indicated higher scores for children living in rural areas compared to the representative sample of the KIGGS study. Children suffering from sleeping difficulties or allergic diseases and overweight children reported significantly lower HRQOL score means suggesting that these common health problems impacted the well-being of children.
Although the differences in KINDL-R score means were found to be small, they were in the same range as reported by others ). As they represent differences in population score means, a small shift in the distribution of the scores between two groups may result in larger individual deviations.
The observed differences in children's HRQOL across European countries are consistent with previous European studies (Erhart et al. 2009; Michel et al. 2009; PetersenEwert et al. 2011; Ravens-Sieberer et al. 2008; UNICEF 2007) and were not due to country differences in sociodemographic factors or disease prevalence. The internal consistency of the questionnaires (measured by Cronbach's alpha) was high in all five study centres and thus does not explain the differences. The higher rate of non-valid questionnaires in Poland tended to be from families with lower educational background and from farming families and might be linked to the lengths of the comprehensive GABRIEL questionnaire. As lower educational background and farming had opposed associations with HRQOL in our samples, it is unlikely that the exclusion of these children markedly influenced the overall assessment of HRQOL scores in Poland. We consider these country differences to be real and to reflect the subjective well- being of children, which needs to be interpreted in the sociocultural context of each country. Age and gender differences in HRQOL as reported in the GABRIEL survey have consistently been found in several surveys (Giannakopoulos et al. 2009; Michel et al. 2009; Ravens-Sieberer et al. 2007 ). In contrast to others (Amato and Keith 1991; Bradley and Corwyn 2002; Eymann et al. 2009 ), we did not observe an association between the number of adults or children living in a household and HRQOL. It has been suggested that single parent families, implying parental absence, economic disadvantage and potential family conflicts (Amato and Keith 1991) , or a high number of siblings, implying less attention from parents (Bradley and Corwyn 2002) , may negatively impact HRQOL.
The results of the present study additionally illustrate that HRQOL assessment depends on the person who answered the questionnaire and we thus suggest that this aspect needs to be taken into account in future surveys.
The GABRIEL survey specifically focused on allergic diseases and the farm environment. Children suffering from asthma, hay fever and eczema reported consistently lower HRQOL scores than children without these diseases, which is in line with several previous studies (Alvarenga and Caldeira 2009; Camelo-Nunes and Solé 2010; Camfferman et al. 2010; Ravens-Sieberer et al. 2007; Silva et al. 2009 ). Nocturnal symptoms frequently occurring in children with asthma disturbing their sleep quality (Fagnano et al. 2011 ) might explain why adjustment for sleeping difficulties attenuated the association between asthma and HRQOL. As Table 3 Association between health-related factors and total health-related quality of life (KINDL-R scores) the study was cross-sectional in design, the direction of causality cannot be inferred with certainty. The present study was sufficiently powered to evaluate the role of farm living and HRQOL. Farm children reported higher HRQOL than non-farm children independent of other socio-economic factors. The association between farming and HRQOL was somewhat stronger in the German-speaking countries. This might explain why the the questionnaire) and health-related variables (atopy, family history for atopic diseases, sleeping difficulties, weight category) and study centres. b, c Means adjusted for farming, socio-demographic variables (as described above), allergic diseases and weight category or sleeping difficulties as appropriate. HRQOL Health-related quality of life, diff difficulties association was only significant in models taking country into account. The differences were most pronounced for the sub-dimension 'physical well-being' and might at least in part be explained by the lower prevalence of asthma and allergies among farm children (Illi et al. 2011 , Illi et al. 2012 von Mutius and Vercelli 2010) . HRQOL did, however, not explain the protective effect of farming on allergies (Stocklin et al. 2012) . The health problems most strongly associated with lower HRQOL were sleeping difficulties.
Poor quality of sleep may imply daytime sleepiness, fatigue and significant impairment of learning and cognition which have been related to lower optimism and selfesteem impacting HRQOL in children (Lemola et al. 2010) . Additionally, sleeping difficulties are non-specific complaints associated with many physical and mental disorders (Chorney et al. 2008; Hysing et al. 2009; Luntamo et al. 2011; Sung et al. 2008 ) and may be an indicator of anxiety and other psychological disorders which we did not investigate in our questionnaire. As more than 20 % of our study population reported sleeping difficulties, these complaints represent a relevant factor impacting childhood HRQOL.
Overweight and, even more so, obese children reported lower HRQOL than normal weight children, which is in line with earlier findings (Tsiros et al. 2009 ). However, a recent Norwegian study found no significant association between BMI and HRQOL, but a strong impact of bullying (Haraldstad et al. 2011) . In the present survey, obese children reported significantly lower scores for the subdimension 'friends'. Obese children might be teased or otherwise bullied by other children and thus report lower HRQOL.
The German subgroup of the rural GABRIEL sample reported higher HRQOL score means than the representative German KIGGS sample. The difference might in part be due to the high proportion of farm children in the GABRIEL study reporting higher HRQOL and lower rates of allergic diseases (Illi et al. 2012) . In addition, the GABRIEL sample was restricted to children having their country's nationality and thus excluding the migrant population. Ravens-Sieberer et al. (2007) differences in HRQOL between migrant and indigenous children were due to socioeconomic differentials. Children from lower socioeconomic status might thus be underrepresented in the GABRIEL sample. In addition, it might be speculated that urbanization is related to HRQOL, but this hypothesis needs to be examined. The large sample size, the careful standardization of the cross-country assessment, the focus on the rural environment and the use of a validated tool to assess HRQOL can be considered strengths of the present study. There were, however, also some weaknesses. The questionnaire lacked questions related to the child's psychological disorders or to parents' mental health which are known to negatively impact children's quality of life (Giannakopoulos et al. 2009; Ravens-Sieberer et al. 2007 ). In addition, residual confounding might be present as the assessment of parent's education level was only a crude proxy of socioeconomic status which, nevertheless, showed the expected association with HRQOL. As the educational systems in the four study countries differed greatly, we had to limit the differentiation to two education levels. This might be an over-simplification of the real situation. HRQOL in children was assessed exclusively using parents' reports and might represent parents' expectations rather than children's real quality of life.
The present study is the first to explicitly assess HRQOL in a rural partly farming childhood population. So far, representative samples of youth living mostly in urban and sub-urban areas have been investigated. The reported higher scores of HRQOL of the present sample might in part be explained by the lower prevalence of allergic diseases among farm children. However, they may also allude to a negative role of urbanization on children's HRQOL. Differences in HRQOL according to grade of urbanization need to be further explored and understood as populations tend to become increasingly urbanized. Country differences in HRQOL seem to be independent of urbanization and need to be further explored taking the sociocultural context of a country into account.
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